Background: Breast cancer stands out among the most widely recognized forms of cancer among women. It has been observed that upper extremity lymphedema is one of the most risky and prevalent complication following breast cancer surgery that prompts functional impairment, psychological, and social problems. Purpose: To compare the effects of Kinesio taping and the application of the pressure garment on secondary lymphedema of the upper extremity. Methods: 66 women were randomly allocated to the Kinesio taping (KT) group (n=33) and pressure garment (PG) group (n=33). The KT group received Kinesio taping application (2 times per week for 3 weeks), while the PG group received pressure garment (20-60 mmHg) for at least 15-18 hours per day for 3 weeks. The outcome measures were limb circumference, Shoulder Pain and Disability Index questionnaire (SPADI), hand grip strength, and quality of life at the baseline and end of intervention. Results: The sum of limb circumferences, SPADI, hand grip strength, and quality of life significantly improved after treatment in the KT group (P<0.05). While the PG group showed no significant improvement in SPADI, hand grip strength, physical, role, pain, and fatigue score p>0.05, while the sum of limb circumferences significantly decreased (P<0.05). Significant differences were observed between the KT and PG groups at the end of the intervention (P<0.05). Conclusion: KT had significant changes in limb circumference, SPADI, hand grip strength and overall quality of life than PG in the treatment of subjects diagnosed with lymphedema after mastectomy.
Introduction
Breast cancer remains the most common form of cancer worldwide, and the number is increasing. Advances in breast cancer treatments may decrease breast cancerrelated death rates, still sometimes it may lead to postsurgical lymphedema. 1, 2 Lymphedema is the collection of protein-rich fluid that causes constant swelling of the influenced body part and obstructs the stream of fluid. 3 The most widely recognized reasons for lymphedema are radiotherapy and dissection of the lymph nodes in patients with breast cancer. Furthermore, the risk factors of lymphedema include broad axillary disease, obesity, and positive axillary lymph nodes. [4] [5] [6] The incidence of upper extremity lymphedema is 17%, and the incidence is increased up to 2 years from diagnosis or surgery. Incidence in patients with dissection of axillary lymph node is 4 times more than that of sentinel lymph node biopsy. 7 Women with cancer-related lymphedema feel heaviness and stiffness in their upper limbs, and dryness leads to infection and skin problems. They feel pain, discomfort, and difficulty in using their arms, affecting the psychological, functional, and physical status of many aspects of their life.
Breast cancer-related lymphedema (BCRL) can be treated conservatively by pressure garments (PGs), manual lymphatic drainage, exercise, and laser therapy. Physiotherapy is important in the treatment of postsurgical breast lymphedema. Early physiotherapy intervention improves significantly the treatment outcomes. Physiotherapy management for at least 1 year significantly prevents the development of secondary lymphedema. 10 The development of new techniques to relieve the symptoms of upper limb edema, pain, and sensory abnormalities has resulted in the discovery of new techniques. One important technique being used is Kinesio taping (KT) and was developed by Dr Kenzo Kase in 1973. The concept involves the application of tape that is attached to the skin. The applied tape is thinner and more elastic than the conventional tape by 120% to 140%. 11 The material used was 100% acrylic, latex-free, and heat-activated. It is made of 100% cotton to allow quickening of the drying process. This allows the patient the freedom to wear it even when taking a shower without the need for replication and can be worn for approximately 3 to 4 days. 12 Generally, the function of taping is essential to provide support during movement and prevent sports-related injuries. It has been used for several years and was initially identified with soft tissue injuries in sports-related activities. 13 Kase et al reported that its effects were facilitating myofascial release and reabsorption of lymphatic fluid in the surrounding tissues. It enables the upper layers of the skin to be pulled, allowing space between the dermis and the muscle. Through this action, pressure exerted on the lymphatic vessels and channels is relieved, enhancing lymphatic flow, which cause better lymphatic drainage in the affected area. 14 KT also has an effect on the reduction of pain 15, 16 and tissue swelling, which has been recognized by physical therapists in treating lymphedema. The following physiological effects are produced when KT is properly applied: decreases pain, correcting misalignment of joints, and removing accumulated lymphatic fluid. Other noted effects of KT include sensory stimulation, decrease in adhesions and contractures, skin softening, improvement of pliability, and reduction of scar formation. 17 KT was effective in reducing postmastectomy lymphedema related to breast cancer; however, a recent metaanalysis showed that KT is not more efficient than other treatments. 18 Previous studies showed that the compression effect of elastic PGs was documented to be efficient in controlling secondary lymphedema following breast cancer. 19 In addition, one study showed that plain compression therapy for secondary lymphedema brought significant decrease in lymphedema of the upper limb in 34% of participants after 2 months and 39% of participants after 6 months. 19 PG is considered as a part of compression therapy and can be used beneficially alone in the treatment of lymphedema. 20 On the other hand, Singh et al reported that there was no difference in lymphedema status on L-Dex scores between pre-exercise and post-exercise or between the compression and non-compression conditions. 21 Smile et al concluded that there was a lack of comparison between BCRL treatment techniques, which means that while conclusions and guidelines can be made, further studies are required for more clinically relevant data. 22 Lymphedema is one of the fundamental issues arising after breast cancer surgery. It is critical to look for choices to reduce and control it. The effects of KT and PGs remain controversial in the application of postsurgical lymphedema after mastectomy. The aim of this study was to compare the effect of KT and PG primarily on limb circumference, Shoulder Pain and Disability Index (SPADI), handgrip strength, and quality of life in patients with BCRL.
Patients and Methods
The current study was approved by the Research Ethical Committee, Faculty of Physical Therapy, Cairo University (NO P.T. REC/012/001791) and registered in ClinicalTrial.gov with ID number NCT03401086 according to the Declaration of Helsinki principles, and an informed consent form was signed by each patient. A total of 66 women with unilateral BCRL (stages II and III) according to the International Society of Lymphology for at least 6 months and who completed phase I of complex decongestive therapy were invited. In the current study, the compression bandaging was replaced with either PG or KT; therefore, patients were included in the second phase of complex physical therapy, where the goal is to maintain limb volume. Arm circumference more than 2 cm or less than 8 cm in comparison with the other side was included. The exclusion criterion was any active disease leading to swelling, medications, especially diuretics, allergy, infection, pregnancy, heart and kidney diseases, bilateral lymphedema, skin diseases, and cellulitis.
Sample Size
Power analysis was initially done to calculate the sample size. Estimates of mean difference and standard deviation for the limb circumference were collected from a previous study 3 ; the mean difference value and standard deviation were 5.0 and 6.6, respectively (2-tailed test; α = .05; 80% power). The current study required a sample size of 28 patients for each group. Thirty-three patients were recruited in each group to account for dropout rates of 20%.
Randomization
The participants were randomly assigned to 2 groups. The KT group included 33 patients, and the PG group included 33 patients. The subjects were instructed to draw an envelope from a concealed box; each envelope contained a yellow or blue card, and they were accordingly assigned to one of the 2 groups of the study. The person who had the concealed box and had access to it was a third party and not involved in the study. The individuals who drew yellow cards were assigned to the KT group, and those who drew blue cards were allotted to the PG group, as shown in Figure 1 . 
Assessment
For all patients, we recorded the changes in the limb circumference, SPADI, handgrip strength, and quality of life pre and post 3 weeks of intervention. Measurement of arm circumference is the most commonly used technique for identifying lymphedema 23 and is reliable for both surgical and nonsurgical upper limbs. 24 It is measured using a tape with the patient in prone lying position, with elbows straight and arms relaxed at the sides. It was measured starting with 3 cm on the ulnar styloid process and proceeding with 45 cm proximal, and additionally at the metacarpal bones and midhand. The tape measure was put around the limb to prevent it from slacking and to ensure that there was no space in the tissue. The total circumference of the sound limb was ascertained similarly. The difference between the 2 measurements was identified using "circumference difference." 25, 26 Σ Σ
where CL Affected denotes the circumference of affected side at each 6 anatomical points; CL Normal denotes the circumference of normal limb at each 6 anatomical points; CD denotes the circumference difference of 2 limbs at each point; CD n denotes the circumference differences at each follow-up session; CD 0 denotes the circumference difference at pretreatment session; and TRC denotes the total reduction in circumference. SPADI was used to assess shoulder pain and disability. It incorporates 13 items assessing 2 domains: 5 items assess pain and 8 items evaluate disability. The reliability of its coefficients is ICC ≥0.89 27 and has shown high internal consistency. 28 Handgrip strength was evaluated using a dynamometer (78010, Lafayette Instrument Company, Loughboroug, Leics, England). The grip strength was measured with the patient in a standing position with adducted shoulder, elbow flexed at 90°, and forearm in mid position. The patient was instructed to do 3 trials with 15 seconds rest in between each, and the highest reading was reported.
The quality of life was assessed by cancer-specific questionnaire (EORTC QLQ-C30). It is composed of 30 questions, including functional scores (physical, social, emotional, and cognitive aspects). The functional scores ranged between 0 and 100, and higher scores indicated better condition. This questionnaire also included symptoms score (pain, dyspnea, fatigue, insomnia, nausea, loss of appetite, and financial problems). The symptom scores ranged from 100 to 0, and lower scores indicated better condition. 29 Patient assessments were done in a different room (not treatment room) by an experienced collaborative blinded physiotherapist who was not part of the study.
The participants were instructed not to describe their treatment during evaluation to ensure that blinding was successful.
Intervention
The KT group received Kinesio taping application twice per week, while the PG group received pressure garment (20-60 mm Hg) for at least 15 to 18 hours per day for 3 weeks. Both groups received a home exercise program in the form of a range of motion exercises involving shoulder flexion and extension, abduction, elevation up to 180°, external rotation/horizontal abduction, elbow flexion and extension, wall walking, and cane stretching. The printed exercise program was distributed among the women in both groups after showing them how to do these exercises.
All patients were instructed to perform the exercise program thrice daily with 10 repetitions each time. The patients were addressed about whether they were doing their exercises consistently and not during each visit to ensure that they were following the instructions. 30 The KT was applied on cleaned and dried skin by an experienced physiotherapist twice per week for 3 weeks. The KT application consisted of 1 fan shape for the chest (5 straps), 2 fan shapes for the upper arm (4 straps), 2 for forearm (4 straps), and 1 fan shape for wrist (2 straps). The following techniques are according to Tantawy 2019. 30 In the chest, the patient was positioned to stand upright, with the affected shoulder being externally rotated. The anchor was placed without tension in the anterior axilla on the sound side extended by 5 straps of a fan tape to the chest toward the affected axilla with 15% to 20% tension.
For the upper arm, the position of the patient was standing upright with extended and externally rotated shoulder; the first fan shape was applied by placing the anchor on the axilla without tension and extended by 5 tails with 15% to 25% tension to the anterior, lateral, and medial aspects of the upper arm. The second fan shape was applied with the patient in an upright standing position with extended shoulder and elbow, the anchor was applied without tension on the lateral end of the clavicle and extended by 5 tails to the posterior aspect of the arm.
For applying KT to the forearm, the patient was standing upright with extended elbow and wrist; the anchor of the first fan was applied on the medial epicondyle of the humerus without tension and ended by 5 tails straps on the anterior, medial, and lateral aspects of the forearm with 15% to 25% tension. From the same position, the second fan started from the lateral epicondyle of the humerus without tension and extended by 5 straps to the posterior aspect of the forearm with 15% to 25% tension.
For the hand, 2 fan shapes with 2 straps each were used. The first anchor was applied from the styloid process of the ulna while the other anchor of the styloid process of the radius without tension, then the wrist was flexed, and the trails were applied on the dorsal surface of the hand with 2 straps to the medial and lateral aspects of the proximal interphalangeal joints, respectively, with 15% to 25% tension.
The PG was applied on cleaned and dried skin. PGs were applied using Premium Lymphedema Gradient Garment (Jobskin, Long Eaton, England), which has a pressure gradient built into the garment by using a gram tension applied on gradient counter pressure to deliver between 20 and 60 mm Hg for at least 15 to 18 hours per day for 3 weeks.
Statistical Analysis
Descriptive statistics were used in the form of mean and standard deviation. The Kolmogorov-Smirnov test was used to assess the normality of the data. Inferential statistics analyzed all measurement changes using unpaired t test between KT and PG groups, and paired t test was used to measure changes within groups; analysis was conducted using SPSS version 20.0 (SPSS, Chicago, IL) with a significance level at P < .05 for all statistical measurements.
Results
Between February and November 2017, 66 women with upper extremity lymphedema secondary to breast cancer treatment participated in this study. Of the 66 patients who participated in this study, 59 completed the program of the study regularly, 30 from the KT group and 29 from the PG group. Three participants who were randomized to the KT group withdrew from the study because of irregular attendance (1) and without specific reason (2) . Regarding the PG group, 4 patients dropped out due to discomfort (1), personal issue (2) , and health problem (1), and their data were not accounted statistically as demonstrated in Figure 1 (study flow chart).
Before intervention, there were no significant differences between the KT and PG groups in their ages, heights, weights, body mass index, lymphedema duration, sum of limb circumference, SPADI, handgrip strength, and quality of life questionnaire (P > .05), as described in Table 1 .
The main findings of this study showed that all measures, including sum of limb circumference, SPADI, handgrip strength, and all domains of quality of life, improved significantly in the KT group at the end of the intervention (with P < .05), as demonstrated in Table 2 . While the PG group showed no significant improvement in some measures such as clinical characteristics (handgrip strength), functional scores (physical and role scores), and symptom scores (pain and fatigue scores), with P > .05. The sum of limb circumferences and overall quality of life decreased significantly in the PG group as presented in Table 2 .
Limb circumference and SPADI decreased significantly in the 2 groups (P < .05), while the handgrip strength improved significantly only in the KT group (P < .05) and showed nonsignificant difference in the PG group (P > .05), as demonstrated in Table 2 . When comparing the recipients of KT application with those of the PG application, recipients of KT application showed greater decreases in limb circumference and SPADI and significant improvement in handgrip strength as shown in Table 3 .
Regarding quality of life questionnaire (EORTC QLQ-C30), there was a significant statistical improvement in functional scores, including physical, role, emotional, cognitive, and social scores in the KT group (P < .05). While the PG group only showed a significant improvement in emotional, cognitive, and social scores and not in physical and role scores (P > .05), as described in Table 2 . While comparing the 2 groups at the end of the study, the KT group improved significantly in functional scores than the PG group, as presented in Table 3 .
There was also a significant statistical improvement in symptom scores, including pain, dyspnea, fatigue, appetite loss, nausea, insomnia, and financial problem scores, in the KT group (P < .05). But the PG group showed no significant improvement in pain and fatigue scores (P > .05), as described in Table 2 . Compared with the recipients of PG application, recipients of KT improved significantly in symptom scores (Table 3) . Also, the overall quality of life improved significantly in both groups, but there was a significant difference between both groups in favor of the KT group, as presented in Table 3 .
Post intervention, there were statistical significant differences between the 2 groups in all clinical characteristics (sum of limb circumference, SPADI, and handgrip strength), 2 functional scores (physical and role), 2 symptom scores (pain and fatigue), and overall quality of life in favor of the KT group (P < .05), as described in Table 3 .
Discussion
The reports of this study showed that the KT group had significant changes in limb circumference, SPADI, handgrip strength, and overall quality of life at the end of the intervention (P < .05) than PG group. The changes we observed may be attributable to the dynamics of lymph. Generally, lymph is a white milky fluid that can be influenced by all physical activities and also by the disturbance of lymphatic tissues. Studies on lymphedema subjects show that any method that can change the contour of extremities may increase the lymph flow. 31 Subjects with lymphedema secondary to breast cancer treatment have reduced physical activity that may exacerbate the symptoms. 32, 33 Reduced physical activity leads to reduced muscle activity that leads to reduced lymph circulation; also post lymphedema reduces the normal physical activity and adversely affect the quality of life. 34, 35 These subjects commonly complained about pain, discomfort, reduced handgrip strength and joint movements in the related extremity, and also increase limb circumference. 34 These features can occur at any time after the surgery, immediately or at any time after surgery. 36 This affects the function of skin, fascia, muscle, and joints and reduces the overall quality of life. 37 Hence, it is necessary to provide proper medical care and early physical therapy for these subjects. Recently, physical therapists adapted the latest concepts such as KT, PGs, and physical exercises for draining lymphatic fluid. The contribution of the above-mentioned techniques was unclear in lymphedema following mastectomy.
KT is a commonly used method of application for lymphedema subjects; still we do not have evidence for its mechanism of action. 14, 38 It is observed that it increases the gap between the connective tissues, such as skin and fascia, fascia and muscles, and skin and muscles, which enhances fluid movement. 39, 40 It has a property that the subjects can tolerate the application of tape for about 3 days or more and also has waterproof quality. The stage of lymphedema following mastectomy progresses slowly; hence, the ultimate effect of KT depends on the stage and the method of application. 17 On the contrary, few studies on KT showed negative results on BCRL and should not be an alternative choice of treatment. 41, 42 In our study, the PG group did not show any improvement in SPADI, handgrip strength, functional scores (physical and role scores), and symptom scores (pain and fatigue scores), and this report has been supported by a systemic review conducted by Moseley et al. 43 The lack of significant differences may be due to the procedure of application, and also the presence of lymph varies from quadrant to quadrant and subject to subject. 44 The results of our study showed statistically significant difference in the KT group when compared with the PG group. The mechanism behind the difference in the KT group is that it continuously facilitates lymph circulation and enhances the lymph flow in lymph capillaries and is also helpful for tissue regeneration. An increase in the blood flow decreases pain and also improves the handgrip strength. 45 Till now there are only a few studies that compare the effect of KT and PG in postmastectomy lymphedema subjects. 14, 46, 47 In the PG group, physical exercise is required throughout the application, which does not permit the full range of movements.
In addition, PG has other side effects such as blistering, rashes, and discomfort, which lead to poor compliance, 48, 49 and this explains the poor quality of life that was observed in the PG group of the current study. The present study is in agreement with the results of Tsai et al, who reported significant reduction of lymphedema and lymph circumference in both groups receiving KT and PG, but a higher percentage of reduction was recorded in the KT group. 50 Furthermore, the results of the current study was in accordance with that of Białoszewski et al, who found that KT application is more effective than massage in edema reduction after Ilizarov method. 37 The results of the PG group were surprising; the lymph collection was decreased, which was maintained for 15 to 18 hours; these results were in accordance with that of Partsch et al. 51 The reduction in edema was due to the pressure of the PG, which was more than the pressure of the veins. This could have also been induced by low or negative lymphatic pressures. These mechanisms lead to the opening of the lymph capillaries. 52 Some parameters do not show a significant drop, which may be due to pressure changes in the PGs over time.
Limitations
The limitations of this study included small sample size and lack of regular follow-up period; also the study randomization was not standardized. Another limitation may be the pressure difference between the manufacturer prescription and actual delivery of PGs. Another limitation is initiation of KT and PG treatment after the first phase of lymphedema, which may bias the study. Also, there is absence of objective measurement of limb size in the outcome. Also, intention-to-treat statistical analysis was not performed.
Conclusion
Our study concluded that the KT group had more improvement in limb circumference, SPADI, handgrip strength, and overall quality of life than the PG group at the end of the intervention. Further study can be done with large sample sizes with better experimental design and investigate the long-term effect of KT application in postmastectomy subjects with lymphedema.
